TBE object of this paper is to summarize the present state of knowledge concerning the conditions which give rise to hyalinization of basophil cells and to the formation of basophil cell adenomata in the rat pituitary. The hyalinization and basophil adenomata which are found in the human pituitary in cases of the Cushing syndrome will be discussed in the light of the implications of the observations which have been made in the rat.
TBE object of this paper is to summarize the present state of knowledge concerning the conditions which give rise to hyalinization of basophil cells and to the formation of basophil cell adenomata in the rat pituitary. The hyalinization and basophil adenomata which are found in the human pituitary in cases of the Cushing syndrome will be discussed in the light of the implications of the observations which have been made in the rat.
Three types of basophil cell in the rat.-In the pars distalis of the rat pituitary there are three types of glycoprotein-containing cell, each type containing a specific glycoprotein in the form of cytoplasmic granules which are considered to be the storage form of one or other of the three glycoprotein hormones-thyrotrophin, follicle-stimulating hormone (FSH), and luteinizing hormone (LH). The names "thyrotrophs", "FSH cells", and "LH cells" have been given to these specific cell types, each of which is considered to be concerned exclusively with the secretion of its appropriate hormone (Purves and Griesbach, 1951, 1954) . Since the glycoprotein granules of all three types in the rat pituitary stain blue with about the same intensity by trichrome staining methods, they were, in the period before their diversity was recognized, referred to collectively as "the basophil cells". Hyalinization in basophil cells.-In certain mammalian species, including the rat, rabbit, dog and opossum, the occurrence of hyalinization is observed in basophils during states of high secretory activity such as occur particularly after castration or thyroidectomy.
Such changes cannot be regarded as being primarily degenerative since they also occur under normal physiological conditions as, for example, in the opossum (Didelphys virginiana) at the time of onset of gonad maturation (Wheeler, 1943 ).
-Electron-micrograph studies.-The electron-micrograph studies of Farquhar and Rinehart (1954a, b) on the rat pituitary show that the basophil cells contain small ovoid vesicles. It is in these vesicles that hyaline accumulation primarily occurs. The large ,hyaline-filled vesicles which are observed in the rat basophils in the later stages of hyalinization are formed by a secondary coalescence of these small vesicles to form large spaces.
Hyalinization after thyroidectomy.-Hyalinization occurring in the rat pituitary after thyroidectomy affects only the thyrotrophs. These cells undergo almost complete degranulation in the first forty-eight hours after thyroidectomy, and thereafter enlarge rapidly. Hyalinization is observable as early as six days after thyroidectomy and takes the form of a large number of small hyaline-containing vesicles which subsequently undergo distension and coalescence until three or four large, irregular, thin-walled, hyaline-filled spaces result (Purves and Griesbach, 1956a) . Hyalinization of thyrotrophs after exposure of rats to cold.-In rats exposed to a temperature of 4-C. for fourteen days, a small proportion of the thyrotrophs show an annular zone of small hyaline-filled vesicles with retention of specific glycoprotein granules both at the periphery and in the central cytoplasm. Such cells are strongly reminiscent of the Crooke's cell of the human pituitary ( Fig. 1) .
Hyalinization after castration.-Hyalinization occurring in the rat pituitary after castration affects both the FSH and LH cells. Hyalinization of these cell types is relatively slow in development and the large hyaline-filled vesicles of the typical "signet-ring" castration cells are seen only eight weeks or more after castration. The unhyalinized cytoplasm contains a strong accumulation of glycoprotein granules with the staining properties of the normal specific granules of FSH and LH cells. The glycoprotein content is related to the hormone content which increases up to four months after castration (Purves and Griesbach, 1955) .
Basophil cell adenomata in the rat.-Adenomata appear in the pituitaries of a high proportion of rats after continuous thyroxine deficiency of more than eighteen months' duration. These adenomata are pale in sections stained by any method, but the cells contain small amounts of a glycoprotein which stains in a similar manner to that in the normal thyrotrophs. Evidence for the view that such adenomata are derived from thyrotrophs and are induced by a long-continued stimulation of these cells has been summarized toxylin. x 60.
by Bielschowsky (1955) . The cells of the adenomata do not show any of the hyalinization changes which affect the majority of the thyrotrophs in the surrounding anterior lobe tissue. Until recently it appeared that castration in the rat did not give rise to basophil cell adenomata. The failure to observe adenomata after castration does not indicate any special resistance of the gonadotrophic basophils to long-continued stimulation, since, usually, the activation of these cells by castration continues at a high level for only about four months, after which the cells revert to an inactive state (Purves and Griesbach, 1955) . However, in rats which are castrated at an early age this regression of the castration cells is not observed and adenoma formation occurs fifteen months or more after castration in a high proportion of animals (Houssay et al., 1955; Purves and Griesbach, 1956b) .
Adenomata may also develop under certain conditions in animals which are castrated after sexual maturity since Griesbach and Purves observed such tumours in 7 out of 8 rats which were castrated at 9 months of age and examined twenty-seven months later. These adenomata often contain glycoprotein in amounts which confer strong staining properties as shown in Fig. 2 . The cells of some adenomata are distinctly abnormal but in others the cells strongly resemble the normal active FSH or LH cell. It is noteworthy that the cells of the adenomata do not show any hyalinization.
The glycoprotein-containing cells in the human pituitary.-Surgically-removed pituitary tissue and fresh post-mortem material fixed in formol-Zenker have yielded sections more suitable for cytological study than the usual post-mortem material. In such sections three types of cell containing glycoprotein granules may be seen after PAS staining. These cells appear to correspond to the "beta", "delta", and "gamma" cells described by Romeis (1940) . In sections stained by the Azan method or by Crossman's (1936) modification of the Mallory stain, the "beta" cells are red or purple, the "delta" cells are blue, while the "gamma" cells are only faintly stained. Contrary to Romeis, I have not found resorcin-fuchsin of value in the differential staining of "beta" and "delta" cells in the human pituitary.
Hyalinization and basophil cell adenomata in the human pituitary.-Crooke (1935) described hyalinization of basophil cells in the human pituitary in the Cushing syndrome. The typical Crooke's cell shows a hyalinized zone with retention of specific granules in the unhyalinized cytoplasm at the periphery of the cell or adjacent to the nucleus. The staining reactions of these granules are typical of those of the human "beta" cells from which the Crooke's cells are evidently derived. The fate of the "delta" and "gamma" cells in the Cushing syndrome is uncertain since these cells are not well preserved in the usual post-mortem material. The edge of the hyalinized zone in Crooke's cells shows a fine vesicular structure, in consequence of which the hyaline zone appears Jess sharply limited than in the mature hyalinized cells of the rat pituitary and has a ground-glass appearance instead of the clear glassy appearance of the hyaline in the latter (Fig. 3) . Apart from this minor difference the process appears to be the same in both species.
The basophil adenomata which are frequently found in association with hyalinization in the pituitaries of cases of the Cushing syndrome are composed of granulated cells with the staining reactions of normal human "beta" cells. As with basophil adenomata in the rat pituitary, the cells of the adenomata usually are not affected by the hyaline changes which affect the scattered "beta" cells of the pituitary in such cases (Fig. 4 ). This association of "beta" cell adenomata with "beta" cell hyalinization is presumably the result of a prolonged state of secretory over-activity in the "beta" cells. These changes are apparently the result of the action of excess adrenocortical secretion on the human pituitary. They do not seem to be related to excess corticotrophin secretion since they are found in cases of the Cushing syndrome which are due to autonomously secreting adrenal carcinoma and in which evidence of corticotrophin secretion is absent. Moreover similar pituitary changes are not seen in Addison's disease in which corticotrophin secretion is stimulated by adrenocortical deficiency. The actual hormone disturbance produced by excess adrenocortical secretion is unknown, but it is suggested that search for evidence of over-secretion of one of the glycoprotein hormones under such conditions may help in the elucidation of basophil cell function in the human pituitary.
follow either ACTH or cortisone therapy in man, and may be produced experimentally in rats.
The nature of the hyaline change remains obscure; it has been regarded as an ACTHstorage phenomenon, and as a degenerative change in the basophils. In this paper, the results are presented of a study of the pituitary in 49 patients who had received ACTH or cortisone, particular attention being directed to factors altering the degree of basophil hyalinization.
Of the 49 patients, 30 had received cortisone only, 12 had received ACTH only, and 7 had received both drugs. The pituitary was obtained at post-mortem examination, and after fixation was sectioned at 3 levels in the horizontal plane, and stained by the Crooke-Russell modification of the Mallory trichrome and by PAS-Orange G. Changes in Mallory staining were noted in the cells classified as basophils and chromophobes; the acidophils remained unaffected. There was an increase in the number of cells containing PAS-positive granules; these were small, and in the Mallory-stained sections might resemble either basophils or chromophobes. Small numbers of hypertrophic chromophobes were seen, and PAS staining showed these to contain faint pink cytoplasmic granules and globules. Increased numbers of basophils were seen, this change being especially prominent in those patients on prolonged treatment with cortisone.
Three types of cytoplasmic alteration were seen within the basophils-clumping of the granules and reticulation of the cytoplasm, degranulation with the appearance of "ground-glass" cytoplasm, and hyalinization of part of, or rarely all, the cytoplasm.
Degranulation and hyalinization often occurred together within a cell, a very minor degree of hyalinization frequently being seen together with obvious degranulation, and when each change occurred alone within a basophil, the same areas of cytoplasm-perinuclear, paranuclear or peripheral-tended to be affected. In view of this, hyalinization and degranulation were considered together, no attempt being made to separate "hyaline" from "degranulate" cells during differential counting. The occurrence of these basophil changes were considered in relation to the type of drug, the total and daily dosage, the length of administration, and the time interval between the last dose and death.
The first group analysed consisted of those patients with intact adrenals who had received cortisone for a variety of diseases; a control series of a similar disease and age group constitution was used. No clear relationship was found between the daily or total dose of the drug, and the percentage of altered basophils; similarly, there was no correlation between the length of treatment and the percentage of altered basophils; some patients who had received prolonged cortisone therapy showed no alteration, and others who had received a much smaller dose of the drug over a shorter period of time showed extensive degranulation. There was, however, a direct relationship between the percentage of alteied basophils and the interval between the cessation of treatment and death. In the patients in whom cortisone had been continued up to the day of death, there was a high percentage of degranulate and hyaline cells, the range being 5% to 90% of basophils: in the control series only 0 3 % of the basophils were altered in the same way. In the group in whom cortisone had been discontinued four days or more prior to death, all, save one, showed basophil degranulation of the order of 0-3 %. The single exception showed 10-5% of the basophils to be hyaline, although cortisone had been discontinued ten days before death; no explanation for this anomalous result was found.
The second group thus considered were the 12 patients who had received ACTH. For 10 of these patients, the same relationship of basophil change to the last dose/death interval held good; 2 of these 10 received only 40 units within a few hours and 50 units within two days of death respectively, and yet both showed over 5% of degranulate basophils. Two other patients had received large doses of ACTH finishing twenty-five and seventy-five days before death, yet both showed a high percentage of hyaline cells. However, the adrenal weights were 25 grams and 32 grams respectively, and it may be that a high level of endogenous cortisone secretion prolonged much beyond the cessation of ACTH therapy was a factor in maintaining basophil hyalinization. 5 patients were studied in whom cortisone-replacement therapy was given following bilateral adrenalectomy. In 2 patients in whom the operation was within two days of death, hyalinization was not seen although cortisone was continued up to the time of death. Of the remainder, 2 had survived five days and twelve days, and showed no hyalinization, and 1 had survived five days and showed 6-3% of the basophils hyaline. These results suggest that the effect on the basophils of exogenous cortisone is greatly modified by the presence or absence of the adrenal cortex.
In all patients in whom treatment was discontinued between one and four days before death, search was made for hyaline or degranulate basophils with signs of cell-death, i.e. extreme nuclear pyknosis or dissolution, fragmentation, &c. Very few of these degenerate cells were, in fact, found. In summary, a high percentage of basophils which were degranulate or hyaline were found in patients to whom cortisone or ACTH was given up to the time of death; high percentages were found even in patients in whom the total dose had been small, of the order of 50 units of ACTH or 100 mg. cortisone, and in those in whom the duration of treatment had been less than two days. In those patients in whom treatment had been stopped before death, there was a progressive decrease in the percentage of altered basophils, although there were no signs of the death or removal of these cells. These facts suggest that degranulation and hyalinization are essentially reversible changes, that a return to normal basophil morphology begins one day after the cessation of therapy, and that this is, in many cases, complete by the fourth day. In view of this, and in view of the known identity of these labile glycoprotein basophil granules with the thyrotrophic and gonadotrophic hormones, it is possible that the basophil change represents some adjustment by these hormones to an increased level of circulatory adrenal cortical hormones. REFERENCES GOLDEN, A., BoNDY, P. K., and SHELDON, W. H. (1950) Proc. Soc. exp. Biol., N. Y., 74, 455. LAQUEUR, G. L. (1950) Science, 112, 429. Professor Dorothy S. Russell (The Bernhard Baron Institute of Pathology, London Hospital): The literature of recent years shows a remarkable concentration of attention upon the basophil cells of the pars distalis of the pituitary in respect both of their staining and functional potentialities. The periodic-acid Schiff method' applied by Pearse (1949) and the definition by him of a "mucoid series" of cells as a result, has lent further support to the view that the basophil cells (which contain PAS-positive granules) are responsible for the secretion of gonadotrophic hormones. It also appears that the tendency at present, amongst specialists in this field, is to attribute functional activity to the intermediate, finely granular PAS-positive cells rather than to the fully mature and more heavily granulated cells. Such interpretations are based, in general, upon the numerical increase of such cells in various endocrine disturbances and upon cytological manifestations of cell-activity.
The PAS method, as used by Pearse, demonstrates only one mature type of basophil cell. As modified by Wilson and Ezrin (1954) two forms of mature basophil cell can be distinguished by their staining affinities: the PAS-purple and PAS-red types. In practice such variations in staining can undoubtedly be seen in human glands but, in our experience, the colour-distinction between the two is not always easy. Since two distinct forms of mature basophil cell undoubtedly exist, as demonstrated by Halmi (1950) in the rat, using a modification of Gomori's aldehyde-fuchsin stain, it is highly desirable that a consistent and clear picture of these types should be obtained in man if we are to progress in our knowledge of basophil-cell function. The aldehyde-fuchsin stain can be used for the human pituitary, but the results by Halmi's technique are uncontrollable. For the past year we have worked with a performic-acid modification of the method and this has yielded promising results. It can be claimed from this that the beta and delta cells, with purple and green granules respectively, are clearly distinguishable. Whether these are strictly analogous to the beta and delta cells of the rat remains to be demonstrated. This note of caution is necessary because, in applying the performic-acid modification to the rat's pituitary after castration, our results have differed from those described by Halmi.
Posterior lobe basophils.-Little attention has been given, in recent years, to the significance of areas of basophil invasion in the posterior lobe. While such areas are sometimes interpreted as the human equivalent of the pars intermedia of lower vertebrates, there are excellent reasons for rejecting this view. In the first place, basophil invasion is inconstant and unpredictable: it is hardly to be seen before adult life, it tends to increase with age, and is, in general, more obvious in the male than in the female. In any decade, however, examples are found in which it is either absent or slight. Secondly the cells constituting foci of basophil invasion are heavily granulated mature basophils. With the performic-acid modification of the aldehyde-fuchsin stain they always contain green granules in the otherwise normal pituitary. The cells of the pars intermedia in lower vertebrates are in the basophil, or "mucoid" category (Pearse, 1953) , but they contain much smaller granules which have a feebler affinity for the PAS stain than the mature cells. In the human feetus a narrow zone of similar cells is found in close relation to the posterior wall of the Rathke-pouch cleft: this appears analogous to the pars intermedia of lower vertebrates. It undergoes regression towards term and does not persist into later life. Since the pars intermedia of lower vertebrates is held to be responsible for the secretion of intermedin, or melanophore-expanding principle, and since also there has been some controversy as to whether or not this principle is the same as corticotrophin, we have recently (Morris et al., 1956) separated and assayed three different component parts of the fresh human pituitary. Areas of basophil invasion in the posterior lobe were identified and dissected out for separate assay. For comparison with this, portions of the hind part of the pars nervosa, and also of the anterior lobe, were separately collected and assayed.
The highest values for intermedin were found by Landgrebe and Mitchell (Morris et al., 1956) in the anterior lobe, and there can be no doubt that this is the main site of production in the human pituitary. This then constitutes a fundamental distinction from the pituitary of lower vertebrates. In areas of basophil invasion the intermedin content is comparable. Basophil cells are therefore responsible in the human subject for the secretion of this hormone and, if our aldehyde-fuchsin stain is reliable, they appear to be delta cells. With regard to corticotrophin it was found by Morris et al. (1956) that the anterior lobe again yielded the highest content, but levels obtained for areas of basophil invasion tended to be lower, weight for weight. When the factor of dilution of anterior-lobe basophils by the other types of cell present is taken into account it can be concluded that corticotrophin production by the posterior-lobe basophils is of a low order. Since the values for intermedin and corticotrophin were not parallel in the different samples it appears that these hormones must be different substances. Finally, as might be expected, pieces of the pars nervosa proper contained little of either hormone. The trivial amounts present were probably the result of diffusion.
The hypothesis may therefore be submitted that the delta basophils in man are concerned with intermedin-secretion as one of their functions. On the other hand it is suggested that corticotrophin is produced by the beta basophils. Thus they are evidently implicated in disturbances of adrenal-cortical function. In Addison's disease, as is well known, the mature basophils of the anterior lobe undergo a marked numerical reduction. At the same time a number of "immature" basophils, sometimes referred to as "Crooke-Russell cells", are present; with the aldehyde-fuchsin stain these contain small purple granules and are thus of the beta series. With excessive activity of the suprarenal cortex, as exemplified by Cushing's syndrome, it is the mature beta basophils that undergo hyalinization-as seen by the residual purple granules in an otherwise hyaline green cytoplasm. But there is, in association with this characteristic change, an excess of immature cells with small purple granules, and similar cells may constitute the basophilic adenomas of this syndrome when present. I mentioned earlier that the basophil cells of areas of posterior-lobe invasion are normally of what we call the delta type. In a case of Cushing's syndrome recently examined I found that a considerable proportion of these cells had assumed the staining character of beta cells, and had become partly hyalinized. This raises the possibility that the basophil cells may, with an appropriate stimulus, undergo mutation and that this, in its turn, represents an important shift in hormone-production. Dr. A. C. Crooke (Clinical Endocrinologist, United Birmingham Hospitals):
The suggestion of Dr. Purves that the hyaline material in the basophil cells represents a glycoprotein hormone like TSH or the gonadotrophins and not ACTH may be supported by some work recently described by Brown (1955) in our department. He has developed two methods for the assay of gonadotrophins in human urine. One depends on the increase in weight of the uterus of the mouse and measures total gonadotrophins. The other depends on the increase in weight of the ovary of the mouse treated simultaneously with chorionic gonadotrophin and is believed to be more specific for follicle-stimulating hormone (FSH). When the assays are used simultaneously it is possible to obtain a measure of the relative concentrations of FSH and luteinizing hormone (LH).
We have applied the assays to urine from women with amenorrhoea, before and after treatment with stilbcestrol and cortisone. The results in a small series of patients are shown in Fig. 1 . The straight line at 100 represents the control level and shows the response of both assays to the urine of patients before treatment. The urine was assayed again during treatment and the black circles and hatched boxes represent the response and the 95 % fiducial limits of the assays for total gonadotrophins, and the open circles and open boxes the response and fiducial limits of the assays for FSH compared with the control values.
